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SUMMARY 


This paper contains results of pressure-distribution measurements 
at low speed on a wing- fuselage combination having a wing of W plan form 
with aspect ratio 6 , 45° sweep, taper ratio 0.6, and an NACA 65 AOO 9 air- 
foi-1 section placed parallel to the plane of symmetry. The test 
Reynolds numbers ranged from 1,190,000 to 1,580,000. 

The chordwise pressure distributions, which were determined at 
various spanwise stations, indicate that a vortex type of flow exists 
over the wing at moderate and high angles of attack. The strength and 
location of this vortex were appreciably affected by changing the angle 
of sideslip. The experimental chordwise and spanwise load distributions 
at an angle of attack of 2 . 3 ° were in fair agreement with theory except 
near the wing juncture, where there appears to be a mixing and shedding 
of the boundary layer from the inboard and outboard wing panels. Wake 
surveys at the juncture indicate a rather large increase in total pres- 
sure loss at moderate to high angles of attack. 


INTRODUCTION 


Composite-plan- form wings made up of sweptback and sweptforward 
panels have been proposed to alleviate the low-speed stability problems 
associated with sweptback wings. An investigation made at low speed 
(ref. 1) indicated that such alleviation was obtained by the use of M 
and W wings. In a later investigation (ref. 2) it was found that the 
large unstable shift of the aerodynamic center associated with a 9 -percent- 
thick swept wing in the transonic range was eliminated by the use of an 
M or W plan form and that, although the drag at zero lift was higher in 
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the transonic range than for a straight sweptback wing, a fairly large 
portion of the sweep effect was realized. Recently, it has been pointed 
out that M and W wings may have an additional advantage over conventional 
sweptback wings in that the wings of composite plan form should have 
smaller spanwise twist under air load. 

The present paper presents the results of low-speed pressure- 
distribution measurements of a wing- fuselage configuration incorporating 
a wing of W plan form. The wing- fuselage combination used for this 
investigation was the same as that used in an investigation of the low- 
speed aerodynamic characteristics of a complete airplane configuration 
employing a W wing reported in reference 3 * The present investigation 
also included wake surveys at several angles of attack for various span- 
wise positions. Stall patterns obtained from tuft studies on the wing 
for several angles of attack are also presented. 


The system of axes employed together with an indication of the 
positive forces, moments, and angles is presented in figure 1. All 
pitching-moment coefficients are referred to the quarter-chord of the 
mean aerodynamic chord. The symbols used in this paper are defined as 
follows : 

C L lift coefficient, Lift/qS 

Cx longitudinal- force coefficient, X/qS 

C m pitching-moment coefficient, M/qSc" 

X longitudinal force along X-axis, lb 

M pitching moment about Y-axis, ft- lb 

q free-stream dynamic pressure, pV^/2, lb/sq ft 

S wing area, sq ft 


SYMBOLS 


c 


wing mean aerodynamic chord, 



0 


ft 


P 


pressure coefficient, 
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p 


a 

d 

x 

L 

b 

y 

c n 

z 

AH 

AP 


local static pressure, lb/sq ft 

free-stream static pressure, lb/sq ft 
mass density of air, slugs/cu ft 
free-stream velocity, ft/sec 

local wing chord, parallel to plane of symmetry, ft 
average wing chord, parallel to plane of symmetry, ft 

angle of sideslip, positive when relative wind is from the 
right, deg 

angle of attack, measured parallel to plane of symmetry, deg 

distance rearward of fuselage nose measured parallel to plane 
of symmetry, ft 

distance behind local wing leading edge measured parallel to 
plane of symmetry, ft 

actual length of fuselage, ft 

wing span, ft 

spanwise distance measured perpendicular to plane of symmetry, 
ft 

section normal-force coefficient 

height above wing chord plane, ft 

loss in total pressure, lb/sq ft 

pressure-difference coefficient, P - P n 

* upper lower 

APPARATUS AND METHODS 


A three-view drawing of the model as tested is presented as fig- 
ure 2. The wing had a W plan form of aspect ratio 6 with 45° sweep, a 
taper ratio of 0.6, and an NACA 65A009 airfoil section placed parallel 
to the plane of symmetry. The ordinates of the airfoil section are 
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presented in figure 3. The fuselage had a fineness ratio of 10, 
achieved by cutting off the rear one-sixth of a fineness-ratio-12 body 
of revolution, the ordinates of which are presented in figure 3* The 
fuselage was constructed of wood and the wing was constructed of wood 
cycle-welded to a steel spar. 

Pressure orifices were installed in the wing at 13 chordwise posi- 
tions for each of six spanwise stations shown in figure 4. In order to 
reduce the number of orifices and manometer boards needed, orifices were 
installed in only the upper surface of the wing and the model, which was 
symmetrical, was tested at both positive and negative angles of attack 
in order to obtain data representative of both the upper and lower sur- 
faces for the wing at positive angles of attack. Pressure measurements 
at the three inboard spanwise stations were made on the right wing while 
those for the three outboard stations were measured on the left wing for 
simplicity of installation. Pressure orifices were also installed in 
the fuselage at 21 stations along each of three meridian lines as illus- 
trated in figure 4. Figure 5 shows the model mounted on the center 
support strut. 

For use in wing wake surveys a rake consisting of a series of 
total-pressure tubes extending over the entire wake at moderate angles 
of attack was mounted at a distance equal to 0.8o6b/2 rearward of the 
quarter-chord of the mean aerodynamic chord. 


TESTS 


The pressure-distribution tests were made in the Langley 300 MFH 
7- by 10- foot tunnel at a dynamic pressure of 39*96 pounds per square 
foot which for average test conditions corresponds to a Mach number 
of 0.17 and to a Reynolds number of 1,190,000 based on the mean aero- 
dynamic wing chord. Force tests and wake surveys were made at a 
dynamic pressure of 73.12 and 71.11 pounds per square foot, respec- 
tively, which for average test conditions corresponds to a Mach number 
of about 0.22 and a Reynolds number of about 1,580,000. Several tests 
were made at a Reynolds number of about 1,580,000 and an angle of attack 
of 2. 3° in order to compare experimental and theoretical chordwise and 
spanwise load distributions. 

With the model at a given angle of attack, a record was taken of 
the pressures at the orifices by photographing the multiple-tube manom- 
eter to which the orifices were connected. 
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CORRECTIONS 


The angle of attack, drag, and pitching-moment data have been 
corrected for jet-boundary induced upwash on the basis of unswept wings 
(ref. 4) and for the tares caused by the model support strut. Calcu- 
lations have shown that the effects of sweep on these jet-boundary 
corrections are negligible. No attempt has been made to correct the 
pressure data for the slight spanwise and chordwise variation of the 
jet-boundary induced upwash. All coefficients have been corrected for 
blocking by the model and its wake by the method of reference 5 . 
Tunnel-air— flow misalinement has been accounted for in the computation 
of the test data. 


RESULTS AND DISCUSSION 
Presentation of Results 


The results of this investigation are presented in the figures 
tabulated below: 


Title Figure 

Aerodynamic characteristics of model 6 

Pressure distribution on wing: 

Pressure distribution on wing 7 to 12 

Wake surveys, 3 = 0 ° 12 

Experimental and theoretical spanwise load distribution .... 14 

Experimental and theoretical chordwise load distribution .... 15 

Effect of sideslip 16 to 17 

Pressure distribution on fuselage: 

Wing- fuselage combination, 3=0° 18 

Fuselage alone, 3=0° 19 

Aerodynamic section characteristics 20 


Stall patterns . 


Aerodynamic Characteristics 

The low-speed aerodynamic characteristics obtained for the wing- 
fuselage combination at zero angle of sideslip are presented in fig- 
ure 6 . All pitching-moment coefficients are referred to the quarter- 
chord of the mean aerodynamic chord. While the data of figure 6 are 

CONFIDENTIAL 


6 


CONFIDENTIAL 


NACA m L52F11 


included mainly for the purpose of correlation of the pressure data with 
the force data, there are a few interesting points illustrated which 
should be mentioned. It will be noted that the pitching-moment data 
illustrate the advantage of W wings with regard to stability inasmuch 
as the pitching-moment curve is essentially linear throughout the lift 
range; whereas a sweptback wing having the same sweep and aspect ratio 
would be expected to have a large unstable break at a lift coefficient 
of about 0.50 and continuing to the stall (see ref. 6). It is also 
interesting to note that for this particular wing- fuselage combination 
the lift-curve slope is in good agreement with the theoretical wing- 
alone results calculated by the method of reference 7. The theoretical 
lift-curve slope is 0.062 while the experimental wing- fuselage lift- 
curve slope is O.O63. The theoretical wing-alone aerodynamic-center 
location is at 31-4 percent of the mean aerodynamic chord, while the 
experimental wing- fuselage aerodynamic-center location is at 31*0 per- 
cent of the mean aerodynamic chord. 


Pressure Distribution on the Wing 

Wing pressure distribution and wake surveys, ft = 0° .- The chord- 
wise pressure distributions at six semispan stations for various angles 
of attack are presented in figures 7 to 12. Wake surveys at several 
angles of attack are presented in figure 13 for various spanwise posi- 
tions at a distance equal to 0.8o6b/2 rearward of the quarter-chord of 
the mean aerodynamic chord. The wake surveys are presented as plots of 
total-pressure loss AH/q against height above wing chord plane z/c. 
The chordwise pressure distributions at low angles of attack (figs. 7 
and 8), in general, are normal. At an angle of attack of 8.6° (fig. 9)> 
there is an indication of a vortex-type flow over the inboard panel of 
the wing. This is reflected in the pressure distribution at the leading 
edge of the 20- to 50-percent- semi span stations. This type of flow 
phenomena has been reported in reference 8. Wake surveys in this region 
(fig. 13) at a comparable angle of attack show large increases in total- 
pressure loss, which is indicative of separation. At 8.6° angle of 
attack there appears to be no vortex flow on the outboard panel. At 
12.7° angle of attack (fig. 10), the vortex pattern on the inboard panel 
has moved inboard and a second vortex appears to have formed on the out- 
board panel. At the higher angles of attack the inboard panel has 
stalled and the outboard stall pattern progresses toward the tip. The 
delay in the formation of the vortex on the outboard panel is probably 
due to the fact that the effective angle of attack is considerably less 
on the outboard panel than on the inboard panel. 

Experimental and theoretical spanwise load distribution. - A com- 
parison of the experimental and theoretical spanwise load distributions 
is presented in figure 14. The experimental results are for an angle of 
attack of 2.3° and the theoretical results were calculated by the method 
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of reference 7* In general, the agreement is rather poor with the 
experimental loading having a rather large dip at the midsemispan 
station. However, the experimental loading does substantiate the 
rather rapid load gradient from the midsemispan station out to the 
wing tip. 

Experimental and theoretical chordwise load distribution .- Com- 
parisons between the experimental and thin-airf oil- theory chordwise 

load distributions |aP = where a z is the local effective 

angle of attack expressed in radians, which was determined from the 

theoretical spanwise load distribution^ at an angle of attack of 2. 3° 

are presented in figure 15. The agreement at the two inboard and two 
outboard stations is fairly good. However, at the 50-percent- semi span 
and 60— percent— semispan stations the agreement is rather poor especially 
at the 50-pencent-semispan station where there appears to be a rather 
large camber effect. This may be due to boundary-layer drainage from 
the inboard and outboard panels with the boundary layer being thicker 
on the upper surface of the wing. 

Effects of sideslip .- The effects on the wing pressure distribution 
of sideslipping the model are indicated in figures 1 6 and 17. In the 
presentation of the data the sign of the sideslip angle has been reversed 
for the three outboard stations so that figures 16 and 17 may be inter- 
preted as though all pressures were measured on the right wing. Measure- 
ments at negative sideslip angles yield results for the trailing wing, 
and conversely, measurements at positive sideslip angles provide pres- 
sure distributions on the leading wing. At angles of attack near zero 
degrees (fig. 16), the effect of sideslip was to increase the magnitude 
of the pressure coefficients on the sweptforward panel of the trailing 
wing and the sweptback panel of the leading wing and to decrease those 
on the . other two panels. This effect is attributed to the change with 
sideslip angle of the velocity components normal to the leading edge. 

At an angle of attack of 6. 5° (fig. 17), sideslipping the model had a 
pronounced effect on the strength and location of the vortex near the 
leading edge. At zero sideslip, a vortex type of flow on the inboard 
panel was evidenced by broadened leading-edge pressure peaks and rapid 
pressure recovery just behind the peak. This vortex flow became slightly 
stronger at negative sideslip angles and weaker at positive sideslip 
angles. No evidence of this vortex flow exists on the outboard panel at 
zero or high negative angles of sideslip; however, as the sideslip angle 
increases positively, a vortex appears somewhat downstream from the 
leading edge on the inboard end of the outboard panel. 
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Pressure Distribution on the Fuselage 

Pressure distributions on the fuselage in the presence of the wing 
along each of three meridian lines, as illustrated in figure b, are 
given in figure 18, while the pressure distributions along these 
meridian lines for fuselage alone are presented in figure 19. Figure 18 
shows an increase in pressure along the three meridian lines near the 
region of the wing- fuselage juncture. This pressure rise is somewhat 
greater on the 15° meridian line and diminishes progressively as the 
90° meridian line is approached, indicating a pressure carry-over from 
the wing. It can be seen from figures 18 and 19 that no significant 
change occurs in the magnitude of the fuselage pressures except in the 
immediate vicinity of the wing. 


Aerodynamic Section Characteristics 

The aerodynamic section normal-force characteristics at zero side- 
slip for various spanwise stations are presented in figure 20. The 
angle of attack for maximum values of section normal-force coefficients 
on the inboard panel decreases considerably toward the juncture, indic- 
ative of separation beginning first at the wing juncture and progressing 
inboard as the angle of attack is increased. Little evidence of sepa- 
ration exists on the outboard panel except near the juncture at the 
60-percent-semispan station where the normal-force coefficient breaks at 
about 10° angle of attack. At the lower angles of attack the normal- 
force curves for the various semispan stations are fairly linear. The 
large increase in total-pressure loss in the wake at about an angle of 
attack of 10° from the 35-percent-semispan station to the 60-percent- 
semispan station (fig. 13) would seem to substantiate the fact that 
shedding and mixing of the boundary layer in this region results in flow 
separation as indicated by the breaks in the normal-force curves at these 
semispan stations. 


Stall Patterns 

Stall patterns on the wing, as determined from tuft studies, at 
various angles of attack are presented as figure 21. Separation at the 
wing juncture appears to begin at a low angle of attack and progresses 
inboard more rapidly than it does outboard from the region of the junc- 
ture. As has previously been pointed out, this could be attributed to 
the fact that the effective angle of attack at the outboard panel is 
less than that of the inboard panel. It can be seen that at moderate 
to high angles of attack the arrows indicate flow from both the inboard 
and outboard wing panels in a direction toward the wing juncture, where 
the boundary layer from both panels is mixed and shed off the wing 
resulting in the large increases in total-pressure loss as shown in 
figure 13. 


CONFIDENTIAL 


NACA RM L52F11 


CONFIDENTIAL 


9 


CONCLUSIONS 


Based on the results of pressure-distribution measurements at low 
speed on a wing- fuselage configuration having a wing of W plan form 
with aspect ratio 6, 45° sweep, taper ratio 0.6, and an NACA 65A009 air- 
foil section parallel to the plane of symmetry, the following conclusions 
are drawn: 

1. A vortex type of flow exists over the wing at moderate and high 

angles of attack as indicated by the pressure distribution. This vortex 

first appears on the inboard panels and later forms on the outboard 
panels as the angle of attack is increased. 

2. At a given angle of attack, the strength and location of the 
vortex are appreciably affected by changing the angle of sideslip. 

3» Experimental and theoretical chordwise and spanwise load distri- 
butions are in fair agreement except near the wing juncture, where there 

appears to be a mixing and shedding of the boundary layer from the 
inboard and outboard wing panels. 

4. Wake surveys in the region of the juncture indicate a rather 
large increase in total-pressure loss at moderate to high angles of 
attack, while the variations of the wake along the span at the lower 
angles of attack are rather small except for slight increases in the 
juncture region. 

Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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Lift 



Figure 1.- System of axes. Positive values of forces, moments, and 

angles are indicated by arrows. 
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Physical characteristics 


Sweep of inboard panel ,deg 
Sweep of outboard panel, deg 
Aspect ratio 
Taper ratio 

A irfoil section parallel 
to free stream 
Area ,sq ft 
Incidence , deg 
Dihedral , deg 
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Figure 2.- General arrangement of test model. 
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Airfoil ordinates 


x 

(percent c) 

z 

(percent c) 
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a 

.5 

.688 

75 

.835 

t.25 

1.065 

2.5 

1.461 

5.0 

t.968 
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4035 
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0 
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Figure 3-- Ordinates for NACA 65A009 airfoil and fuselage of basic 
meness ratio 12. Actual fuselage fineness ratio 10 achieved 
by cutting off the rear l/6 of the body. 
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Figure b . - General arrangement and ordinates of pressure orifices 

on test model. 
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Figure 6.- Aerodynamic characteristics of wing-fuselage combination of 

test model. 3=0°. 
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Figure 7«- Pressure distribution on the wing, a = 0.2°j (3 = 0°. 
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Figure 8.- Pressure distribution on the wing, a = 4 . 4 °; P = 0°. 


f 


CONFIDENTIAL NACA PM L52F11 


Pressure coefficient ,P Pressure coefficient , P 


\ 



Figure 9-- Pressure distribution on the wing, a = 8.6°; 3=0°. 
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Figure 10.- Pressure distribution on the wing, a = 12.7°> 3 = 0°. 
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Figure 10.- Concluded. 
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Figure 11.- Pressure distribution on the wing, a = 16.7°; 3 = 0°. 
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Figure 11.- Concluded. 
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Figure 12.- Pressure distribution on the wing, a = 20.8°; 3 = 0 C 
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Figure 13*- The effect of angle of attack on the total pressure loss. 

3 = 0°. 
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Figure 15- - Experimental and theoretical chordwise loadings, a = 2.3°. 
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(a) 0 = -20°. 


Figure l6.- Chordwise pressure distribution of various spanwise stations. 
Data presented with respect to right wing, a = 0.2°. 
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(b) 3 = -10°. 

Figure 1 6 .- Continued. 
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Figure 1 6 .- Continued. 
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(d) p = 5°. 

Figure l6.- Continued. 
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Figure l6.- Continued. 
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Figure l6.- Concluded. 
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(a) p = -20°. 

Figure 17- - Chordwise pressure distribution at various spanwise stations. 
Data presented with respect to right wing, a = 6.5°. 
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Figure 17*- Continued. 


uo 

VJI 


NACA KM L52F11 CONFIDENTIAL 



o 

o 


3 


0 



uo 

ON 


(c) p = -5°. 


Figure 17*- Continued. 


j 


CONFIDENTIAL NACA RM L52F11 


Pressure coefficient ,P Pressure coefficient, P 



(d) 3=0°. 

Figure 17.- Continued. 
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Figure 17 .- Continued. 


CONFIDENTIAL NACA RM L52F11 


NACA RM L52F11 


CONFIDENTIAL 


39 



(f) P = 10°. 
Figure 17*- Continued. 
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Figure 1T-- Concluded. 


s 


CONFIDENTIAL NACA EM L52F11 


CONFIDENTIAL 


15° Meridian 


05 

r 


- - -Lower surface Upper surface 



Figure 18.- Pressure distribution on the fuselage in presence of the 

wing, p = 0°. 
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Figure 18.- Continued. 
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Figure 18 .- Concluded. 
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Figure 19 •- Pressure distribution on the fuselage alone. 3 = 0 C 
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Figure 20.- Wing section characteristics. 3 = 0°. 
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Figure 21.- The effect of angle of attack on the flow characteristics 

of the wing. 3=0°. 
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